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In this paper, we present an analytical solution for the Bohr Hamiltonian with the trigonometric Pschl-Teller
(P.T) potential in the cases of γ-unstable nuclei and γ-stable axially symmetric prolate deformed ones with
γ ≈ 0. The energy spectra and corresponding wave functions are derived by means of the asymptotic iteration
method. In addition, B(E2) transition rates are calculated and compared with experimental data. Overall good
agreement is obtained for inter and intra-band transitions within ground-state and β bands. Our numerical
results, particularly for transition rates are much closer to experimental ones in comparison with those obtained
by Davidson and Kratzer potentials which are widely used in the litterature.
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I. INTRODUCTION
Like many other quantum systems, particularly molecules,
atomic nuclei possess not only individual states but also so-
called collective states because they involve nucleons in ro-
tational or vibrational motions. Indeed, besides nuclear phe-
nomena characterising the individual nucleon motion, there
are others such as fission processes, or large quadrupole mo-
ments, involving the collective behavior of the nucleus as a
whole. The fact that quadrupole moments are observed means
that the nuclei are well deformed. So, the average potential,
which simulates at the lowest order the effects of all interac-
tions between individual nucleons, is also deformed. Many
models have been developed to describe these types of nu-
clei. The latest developments in the theory of collective exci-
tations have emerged with the two important phenomenolog-
ical models, namely : the interacting boson model (IBM)[1]
of Arima and Iachello and the geometric model of Bohr and
Mottelson[2]. The IBM exploits group theory techniques and
in some cases gives analytical expressions for excitation spec-
tra. These cases occur when the Hamiltonian has a particu-
lar symmetry, and the model does not explicitly appeal to the
idea of nuclear shape. The microscopic foundations of this
model are based on the shell model. Indeed, the bound states
with low energy and positive parity are defined by the interac-
tion of bosons s and d. The connection with the shell model
is made by supposing that these bosons s and d correspond
to correlated pairs of valence nucleons coupled to J+ = 0+
and J+ = 2+. The corresponding symmetry of such bosons
(s and d) is the U(6) mathematical group structure. It has
three solvable real dynamical symmetries U(5), SU(3), and
O(6), geometrically corresponding to spherical vibration, ax-
ial symmetric rotation, and γ unstable rotation, respectively.
As a matter of fact, these dynamical symmetries are located
at vertices in a diagram of what is terminologically called the
∗ Coresponding author: oulne@uca.ac.ma
Casten triangle representing the nuclear phase diagram[3, 4]
and are considered as verifiable benchmarks for the experi-
ment thanks to their parameter-free solutions. However, a
great progress in this context was done when analytical re-
alisation has been offered for critical points of the phase tran-
sitions from spherical vibrator to γ-unstable rotor and from
spherical vibrator to axial symmetric rotor, dubbed E(5)[5]
and X(5)[6], respectively, by using potentials as: an infinite
square well for the β variable and an oscillator one for the
γ variable. It should be noted that the energy spectrum for
these two symetries are given by the zeros of a Bessel func-
tion of half-integer and irrational indices, respectively where
their representatives have been experimentally identified.
Furthermore, the collective Bohr-Mottelson model[2] as
well as its practical implementation afforded us with an al-
ternative description of nuclear collective excitations, which
in contrast to the algebric models, is of a geometrical nature.
Indeed, Bohr-Mottelson’s geometric model describes the col-
lective excitations of nuclei in terms of surface oscillations of
a drop of liquid. The resolution of its Hamiltonian in the gen-
eral case requires the calculation of a potential V (β ,γ) which
depends on the parameters β and γ (β denotes the ellipsoidal
deformation and γ is the measure of axial asymmetry). This
realistic theoretical model was able to describe successfully
the low energy collective states and the electromagnetic tran-
sitions of a large number of even-even nuclei. The connection
between this model and the IBM comes out from considering
the IBM as a second quantization of the shape variables β and
γ .
So, we start by recalling the analysis of surface oscilla-
tions of nuclei (only for small deformations) given by Bohr
and Mottelson. According to their phenomenological assump-
tions, the nuclear surface of the deformed nucleus is an ellip-
soid arbitrarily oriented in space and described, for our pur-
poses, by a second-order deformation such as
R(θ ,φ) = R0
(
1+
+2
∑
µ=−2
α2,µY2,µ(θ ,φ)
)
, (1.1)
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2where, for reality, α2,µ are tensors describing the deforma-
tions of the nucleus. They are expressed in terms of the radius
of the spherical nucleus R0 and the spherical harmonics Yλ ,µ
as follows
α2,µ = (−1)µα∗2,−µ =
1
R0
∫
R(θ ,φ)Y2,µ(θ ,φ)dΩ. (1.2)
Nevertheless, for geometric reasons, it is indespensable to
transform to a coordinate system which is ”fixed” in the os-
cillating body. The collective coordinates in the body-fixed
system are then linked to the space-fixed system by the fol-
lowing transformation
a2,µ =∑
µ
α2,µDµ,ν (θi) , (1.3)
where the Dµ,ν (θi) are the transformation functions (Wigner-
D functions) for the spherical harmonics of second order and
θi represents the triad of Eulerian angles θ , ϕ , ψ describing
the relative orientation of the axes. Because of the symme-
try of the ellipsoid about the principal axes in the proper co-
ordinate frame, we have a2,1 = a2,−1 = 0 and a2,2 = a2,−2.
Thus the five variables aλ ,µ are replaced by the three Eule-
rian angles θi and the two real internal coordinates a2,0 and
a2,2. Again, in place of a2,0 and a2,2 it is convenient to in-
troduce the parameters β and γ by means of the relations :
a2,0 = β cosγ and a2,2 = a2,−2 = (β/
√
2)sinγ , respecting the
conventions of D.L. Hill and J. A. Wheeler[7]. In terms of the
parameters β and γ , the original collective Bohr Hamiltonian
in the five-dimensional form is written as [2]:
H =
−h¯2
2B
[
1
β 4
∂
∂β
β 4
∂
∂β
+
1
β 2sin3γ
∂
∂γ
sin3γ
∂
∂γ
− 1
4β 2 ∑k
Q2k
sin2(γ− 23pik)
]
+V (β ,γ), (1.4)
where B is the mass parameter, while Qk represents the angu-
lar momentum in the variables θi. Solutions of this Hamilto-
nian can, however, be obtained in three simple cases, accord-
ing to the choosen form for the potential V (β ,γ).
Theoretically, the critical point symmetries have usually
opened the way for the construction of other models by mak-
ing use of different phenomenological potentials leading to
new exactly or quasi-exactly separable models enabling the
description of nuclei which are near or far from existing crit-
ical point symmetries. Therefore, in this work, we aim to
investigate the Hamiltonian (1.4) in the framework of the γ-
unstable and γ-stable nuclei by considering a potential, hav-
ing a motivating physical structure, dubbed the trigonometric
Pschl-Teller potential which takes the following form[8, 9]:
V (η) =
V1
sin2(αη)
+
V2
cos2(αη)
, (1.5)
where the parameters V1 and V2 describe the property of the
potential while the parameter α is related to its range where
αη ∈ [0, pi2 ][8]. The above potential has multiple real minima
only if V2 6= 0, and which are localized at
η±0 =±arctan
(
4
√
V1V23
V2
)
α−1. (1.6)
Such a potential has been investigated in the framework of
the Schro¨dinger equation in [10], where the bound states were
well studied. The expressions for the energy spectrum as well
as the wave functions are obtained in closed analytical form
by means of the Asymptotic Iteration Method (AIM)[11], an
efficient technique that we have used to solve many simi-
lar problems[12–19]. The present paper is organized as fol-
lows. In Section (II) the basic equations of the model are
constructed, while Section (III) is devoted to the numerical
calculations for energy spectra and B(E2) transition probabil-
ities along with their comparisons with experimental data and
results from other models. Finally, Section (IV) contains the
conclusion.
II. BASIC EQUATIONS OF THE MODEL
A. Trigonometric Pschl-Teller potential in the γ−unstable case
For γ−unstable structure case, the potential energy is nor-
maly independent of γ , namely V (β ,γ) = V (β ). The separa-
tion of variables in the collective Schro¨dinger equation corre-
sponding to the Hamiltonian (1.4) is achieved by considering
a total wave function of the form [20] :
Ψ(β ,γ,θi) = ξ (β )Φ(γ,θi), (2.1)
where θi(i= 1,2,3) are the Euler angles.
Then, the separation of the variables leads to a system of two
differential equations coupled with them by a constant Λ :[
− 1
β 4
∂
∂β
β 4
∂
∂β
+u(β )+
Λ
β 2
]
ξ (β ) = εξ (β ), (2.2)
and[
− 1
sin3γ
∂
∂γ
sin3γ
∂
∂γ
+
1
4∑k
Q2k
sin2(γ− 23pik)
]
Φ(γ,θi)
= ΛΦ(γ,θi), (2.3)
where we have introduced the reduced energy ε = 2BE/h¯2
and reduced potential u= 2BV/h¯2, and the angular functions
Φτ(γ,θi) have the form
Φτ(γ,θi) =
1
4pi
√
(2τ+3)!!
τ!
(
ρ2
β 2
)τ
. (2.4)
ρ2 which is a function of β , γ and θi, will be introduced later.
Here we mention that the first wave equation contains only
the β variable, while the second contains the γ variable and
the Euler angles. The γ and Euler angles equation (2.3) has
been solved by Be`s[21]. In this equation, the eigenvalues of
the second-order Casimir operator SO(5) are expressed in the
3following form Λ = τ(τ + 3), where τ is the seniority quan-
tum number, characterizing the irreducible representations of
SO(5) and taking the values τ = 0,1,2, ... [22]. The values
of angular momentum L occurring for each τ are provided
by a well known algorithm and are listed in [1]. The ground
state band levels are determined by L = 2τ . By inserting the
proposed potential (1.5) in the radial equation (2.2) and using
the transformation of the wave function ξ (β ) = f (β )/β 2, we
easily obtain :[
− ∂
2
∂β 2
−
(
V1
sin2(αβ )
+
V2
cos2(αβ )
)
+
Λ+2
β 2
]
f (β )= ε f (β ).
(2.5)
For L-wave functions, the above equation cannot be solved an-
alytically. Then, in order to obtain quasi-analytical solutions,
we need to employ an approximation to the centrifugal term
(ACT) as[9]
1
β 2
= lim
α→0
α2
(
d0+
1
sin2(αβ )
)
, (2.6)
where d0 = 112 is a dimensionless shifting parameter. In order
to show the validity and accuracy of our choice to the above
approximation scheme, we plot the centrifugal potential term
1/β 2 and the approximation : α2
(
d0+ 1sin2(αβ )
)
with α =
0.01 and α = 1 as a function of β in Figure (1). As clearly
illustrated, the three curves coincide together and show how
accurate is this replacement especially in the vicinity of α = 0.
Centrifugal term
ACT with α=0.01
ACT with α
=
1
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FIG. 1: (Color online) The centrifugal term 1/β 2 (blue line)
and its approximations (2.6).
Therefore, by using the new variable y = sin2(αβ ), Eq.
(2.5) reduces to
f ′′(y)+
2y−1
2y(y−1) f
′(y)+
(A1y2+A2y−A3)
4α2y2(y−1)2 f (y), (2.7)
with :
A1 = d(2+Λ)α2− ε,
A2 =−(2+Λ)(d−1)α2+ ε+V1−V2, (2.8)
A3 = (Λ+2)α2+V1.
In order to apply AIM, we propose the following ansatz :
f (y) = yµ(1− y)νφ(y). (2.9)
Using the AIM, we can obtain the generalized formula of the
energy spectrum in the following form :
ε(γ−uns) =
α2
24
(
L(L+1)
3
+2
)
+2α2(nβ +µ+ν)2, (2.10)
where
µ =
1
4
+
1
4
√
4Λ+9+
4V1
α2
, ν =
1
4
+
1
4
√
1+
4V2
α2
, (2.11)
and nβ is the principal quantum number. The corresponding
wave function ξ (y) for γ-unstable case is written in terms of
Hypergeometric function as :
ξ (y) = Nyµ(1− y)ν2F1[−n,2µ+2ν+n,2µ+
1
2
,y], (2.12)
where N is a normalization constant
N =
[
2α(2µ+2ν+2n)Γ[2µ+2ν+n]Γ[2µ+ 12 +n]
n!Γ[2µ+ 12 ]2Γ[2ν+
1
2 +n]
]1/2
.
(2.13)
B. Trigonometric Pschl-Teller potential in the γ−stable case
In this case, the exact separation of the collective variables
β and γ in Eq. (1.4) may be achieved by considering the fol-
lowing expression for the potential energy :
V (β ,γ) =V (β )+W (γ)/β 2, (2.14)
The treatment of the γ degree of freedom is combined with the
Pschl-Teller potential. So, for the γ-part, we use a harmonic
oscillator potential
W (γ) = (3c)2γ2. (2.15)
In this step, we consider the total wave function of the form
[6]
Ψ(β ,γ,θi) = FL(β )ηK(γ)DLM,K(θi), (2.16)
L is the total angular momentum, where M and K are the
eigenvalues of the projections of angular momentum on the
laboratory fixed x-axis and the body-fixed x′-axis respectively.
Then separation of variables leads to
[
− 1
β 4
∂
∂β
β 4
∂
∂β
+
Λˆ+ L(L+1)3
β 2
+u(β )
]
FL(β ) = εFL(β ),
(2.17)
[
− 1
sin3γ
∂
∂γ
sin3γ
∂
∂γ
+
K2
4
( 1
sin2 γ
− 4
3
)
+w(γ)
]
ηK(γ)
= ΛˆηK(γ). (2.18)
4By solving the γ-vibrational part of the Schro¨dinger equation
following method of [12, 23], the γ angular wave functions
can be written as [6, 12, 23]
ηnγ ,K = Nnγ ,K γ
|K/2| e−
3cγ2
2 L|K/2|n˜γ
(
3cγ2
)
, (2.19)
with n˜γ =
nγ−|K/2|
2 where nγ is the quantum number related to
γ oscillations, while LK/2n˜γ represents the Laguerre polynomial
and Nγ,K the normalization constant,
Nnγ ,K =
[
2
3
(3c)1+|K/2|
n˜γ !
Γ(n˜γ + |K/2|+1)
]1/2
. (2.20)
By analogy with the previous case, namely the γ-unstable, the
energy spectrum for the γ-stable one is obtained as follows
ε(γ−sta) =
α2
24
(
L(L+1)
3
+Λ′+2
)
+2α2(nβ +µ+ν)2,
(2.21)
where
µ =
1
4
+
1
4
√
4
(
L(L+1)
3
+Λ′
)
+9+
4V1
α2
,
Λ′ = 6c(nγ +1)− K
2
3
, (2.22)
ν =
1
4
+
1
4
√
1+
4V2
α2
.
We emphasize here that the shape of the wave function is sim-
ilar to that of the equation (2.12) but with the pramameters
listed above.
C. B(E2) Transition rates
Electromagnetic properties of collective states are domi-
nated by the B(E2) transition probabilities. Having the ana-
lytical expression of the obtained total wave function, one can
readily compute the B(E2) transition rates. In the general case
the quadrupole operator is defined as [20, 24]
T (E2)M = tρ2 = tβ
[
D
(2)
M,0(θi)cosγ+
1√
2
(
D
(2)
M,2(θi)
+D
(2)
M,−2(θi)
)
sinγ
]
, (2.23)
where t is a scale factor. For the γ-unstable nuclei, B(E2)
transition rates from an initial to a final state are given by [25]
B(E2;si,Li→ s f ,L f ) = 516pi
|
〈
s f ,L f || T (E2) || si,Li
〉
|2
(2Li+1)
=
2L f +1
2Li+1
B(E2;s f ,L f → si,Li),
(2.24)
where s denotes quantum numbers other than the angular mo-
mentum L. Then, the full symmetrized wavefunction is writ-
ten from equation (2.1) as
Ψ(β ,γ,θi) = β−2χn,τ(β )Φτ(γ,θi). (2.25)
The radial function χ(β ) is given by Eq. (2.12), while the
angular functions Φτ(γ,θi) have the form of equation (2.4).
From Eqs. (2.24) and (2.25) one obtains [26]
B(E2;Ln,τ → (L+2)n′,τ+1) =
(τ+1)(4τ+5)
(2τ+5)(4τ+1)
t2I2n′,τ+1;n,τ ,
(2.26)
with
In′,τ+1;n,τ =
∫ ∞
0
βξn′,τ+1(β )ξn,τ(β )β 4dβ . (2.27)
In the other case, i.e. for γ-stable axially deformed nuclei
around γ = 0, B(E2) transition rates read [27]
B(E2;nLnγK −→ n′L′n′γK′) =
5
16pi
t2〈L,K,2,K′−K|L′,K′〉2
×I2n,L;n′,L′C2nγ ,K;n′γ ,K′ ,
(2.28)
with
In,L;n′,L′ =
∫ ∞
0
βξn′,L′(β )ξn,L(β )β 4dβ , (2.29)
C
nγK,n′γK′
contains the integral over γ . For ∆K = 0 correspond-
ing to transitions (g→ g,γ → γ,β → β and β → g), the γ-
integral part reduces to the orthonormality condition of the
γ-wave functions : C
nγ ,K;n′γ ,K′
= δ
nγ ,n′γ
δ
K,K′ . While for ∆K = 2
corresponding to transitions (γ→ g,γ→ β ), this integral takes
the form.
Cnγ ,K;n′γ ,K′ =
∫ pi/3
0
sinγηnγKηn′γK′ |sin3γ|dγ. (2.30)
Using the approximation |sin3γ| ≈ 3|γ| and Eq. (2.30) the
last integral becomes
Cnγ ,K;n′γ ,K′ =
2(3c)1+|K|/4+|K′|/4
(Γ(|K/2|+1)Γ(|K′/2|+1))1/2
×
∫ pi/3
0
γ2+
|K′ |+|K|
2 e−3cγ
2
dγ, (2.31)
where the Laguerre polynomials are unity since n˜γ = 0.
III. NUMERICAL RESULTS
In this work, we proceed to a systematic comparison be-
tween Pschl-Teller potential and the widely used Davidson
potential in the calculation of energy spectra and transition
probabilities for several even-even transitional nuclei situated
in the vicinity of the critical point symmetries E(5) and X(5).
5The idea of such a comparative study issued from the obser-
vation that both potentials behave similarly for given arbitrary
potential parameters as can be seen from Fig. 2. For concrete
nuclei, such parameters take definite values given in Table (I)
and Table (II) which are obtained by fitting the energy formu-
las in Eq. (2.10) and Eq. (2.21) on the available experimental
data[28]. The quality of the fit is evaluated by making use of
the r.m.s deviation of the theoretical results from the experi-
mental ones :
σr.m.s. =
√
∑Ni=1(Ei(exp)−Ei(th))2
(N−1)E(2+1 )2
, (3.1)
where Ei(th) is the calculated energy of the i− th level,
Ei(exp) the corresponding experimental one and N the num-
ber of the considered levels. The theoretical predictions are
done with Eq. (2.10) and Eq. (2.21) for low-lying bands
which are classified by the principal quantum number n. The
ground state band (g.s.) with n = 0, the β -band with n = 1
and the γ-band is obtained from degeneracies of the g.s. lev-
els. In Tables (III-IV), we presented the obtained results for
Davidson
Posh Teller
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FIG. 2: (Color online) Evolution of P.T and Davidson
potentials as function of collective parameter β . The
quantities shown are dimensionless.
the energy within P.T potential in γ-unstable picture at the
CPS E(5). In these tables, are presented also the experimental
data and previousely calculated energies with Davidson poten-
tial by other authors[29] as well as the obtained results with
Kratzer potential in Ref[30] for a supplementary comparison.
Here, we have to notice that Davidson and Kratzer results in
Ref[29] and Ref[30] respectively, have been obtained within
the Deformation Dependent Mass formalism (DDM). Further-
more, for example, in the γ-unstable case, the DDM-Davidson
uses only two fitting parameters in total, namely β that indi-
cates the position of the minimum of the potential and the
deformation parameter a, while our approach uses three pa-
rameters. Similarly, in the prolate deformed case, the DDM-
Davidson in [29] uses three parameters in total, while our
model uses four parameters. Such a formalism which intro-
duced a further fitted parameter had improved even more the
results which would have been obtained with a pure David-
son potential. From these tables one can see that our results
are comparable to those of Davidson potential and both are in
a good agreement with the experiment. Such a concordance
between P.T and Davidson potentials is essentially due to the
fact that both potentials have similar behavior for deforma-
tions below the potential minimum as can be seen from figure
(3). From Table (III) it comes out that the nuclei 98Ru, 108Pd,
PT
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FIG. 3: (Color online) Typical evolution of P.T and Davidson
potentials for the nuclei : 98Ru and 116Cd.
114Cd, 134Xe and 142Gd are good candidate for our model but
the best ones are 98Ru, 134Xe and 142Gd for which σr.m.s. is so
lower and the value of the energy ratio R4/2 is equal or very
close to the experimental one, which is a characteristic of the
considered CPS. A similar situation is observed from Table
(IV) for P.T-X(5). The obtained good candidate nuclei in this
case are 160Gd, 162Gd, 164Dy, 166Dy, 172Yb, 174Yb, 184W and
188Os, and the best ones are 162Gd, 164Dy, 166Dy and 174Yb.
With the obtained optimal parameters in Table (I) and Table
(II), we have calculated intra and inter bands transition rates
for several nuclei. The obtained results are presented in Table
(V) and Table (VI) compared to those obtained with Davidson
and Kratzer potentials as well as to the available experimental
data. From these tables, one can see clearly that the calcu-
lated transition rates with P.T potential are fairly better than
those corresponding to the Davidson and Kratzer ones. Over
the 27 studied nuclei, 78.9% of them are well reproduced with
P.T potential versus 10.5% for Davidson potential and 10.5%
for Kratzer one in the case of the γ-unstable CPS as it is pre-
sented in Fig. 4. The same situation is observed within X(5)
with 70.6% of nuclei are well reproduced with P.T potential
versus 11.8% for Davidson and 17.6% for Kratzer one (for 24
studied nuclei). Such a discrepancy between these three po-
tentials is related to the behavior of each potential beyond its
minimum. As the potential is more flat for higher values of
the β collective coordinate as the calculated transition rates
are more accurate. The β band is particularly more sensitive
to the flatness of the potential as can be seen from Table (V)
and Table (VI). Such a fact corroborates the constatation we
have made in our previous works [15, 17] with other poten-
tials. Besides the manifested performance by P.T potential
versus Davidson one in reproducing the experimental data for
energy spectra and particularly transition rates, it presents an-
other advantage in respect to this latter, namely: its ability to
show two minima due to the periodicity of the trigonometric
6D
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78.9 %
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D
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FIG. 4: (Color online) The percentage of the best value of the
rms in Tables (V-VI) of B(E2) transition rate obtained by
P.T, Davidson and Kratzer potentials, in the γ-unstable (top)
and the γ-stable case (down).
functions entering in its expression. In Fig. 5, the plot of P.T
potential shows a double well potential. Such a characteristic
could be useful for studying shape coexistence in nuclei that
will be subject of our future work.
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Double Well potential
FIG. 5: (Color online) Shape of the P. T potential showing two
minima due to the periodicity of the trigonometric functions.
Indeed, the study of the distribution of the probability den-
sity makes it possible to better understand the phenomenol-
ogy of the collective conditions associated with such a model.
The lines evolution of constant probability density as a func-
tion of the collective variable β as well as the parameter α of
the potential is depicted in Fig. 6 for the ground state. Basi-
cally the profile of ground state probability shows a sharp and
symmetrical peak centered in the deformed minimum of the
potential as can be seen on the corresponding lines constant.
Such a deformed minimum can be calculated by using equa-
tion (1.6). On the other hand, it is crucial to note that in spite
of the presence of two minima caused by the periodicity of the
trigonometric functions, the ground state and its rotation ex-
citations favor the deformed minimum which is in fact due to
centrifugal stretching. On the contrary, vibratory states prefer
the spherical minimum particularly in the region of lower β
deformation for E(5) limit.
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FIG. 6: (Color online) Lines of constant probability density
of ground-state drawn as functions of α and β show also the
periodical behaviour which is previously observed in Fig. 5.
The values of the parameters V1 and V2 used in this figure are
: V2 = 2V1 = 1 (left) and V2 = 10V1 = 10 (right).
IV. CONCLUSION
In this paper, the Schro¨dinger equation with Bohr Hamil-
tonian has been analytically solved with the trigonometric
Pschl-Teller in the γ-unstable and γ-stable regimes. Having
the energy spectra formulas as well as the corresponding wave
functions, we calculated energy levels normalized to the en-
ergy of the first excited state in the ground state band and
B(E2) for inter and intra-band transition rates for several nu-
clei. The comparison between our numerical results and the
experimental ones has shown a good agreement and a better
performance in respect to the Davidson and Kratzer potentials
particularly for transition probabilities due to the flatness of
Pschl-Teller potential beyond its minimum. The fact that the
Pschl-Teller potential possesses at least two minima, as it was
shown in the present work, presents an important opportunity
to be used in studies of shape coexistence in nuclei within the
Bohr-Mottelson model for which an appropriate double-well
potential is seldom available.
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8TABLE I: The values of free parameters fitted to the experimental data for the γ-unstable nuclei.
Nucleus V1 α V2
98Ru 0.009 0.065 7.26
102Pd 0.46 0.83 6.15
104Pd 0.45 0.71 6.16
106Pd 0.14 0.34 7.04
108Pd 0.13 0.82 1.52
112Pd 0.99 0.72 0.01
114Pd 0.99 0.67 0.01
106Cd 0.15 0.19 6.90
108Cd 0.04 0.14 7.07
110Cd 0.001 0.33 9.98
114Cd 0.001 0.17 9.99
116Cd 0.001 0.017 9.99
120Cd 0.001 0.01 9.99
128Xe 0.711 0.33 0.49
130Xe 0.001 0.012 9.99
132Xe 0.01 0.05 9.968
134Xe 0.001 0.07 9.99
132Ba 0.13 0.128 0.71
134Ba 0.001 0.07 9.99
136Ba 0.001 0.08 9.99
136Ce 0.01 0.25 9.99
140Nd 0.001 0.14 9.99
142Gd 0.03 0.09 7.13
144Gd 0.61 0.69 0.62
194Pt 0.74 0.39 0.03
196Pt 0.99 0.51 0.01
198Pt 0.00001 0.99 0.01
9TABLE II: The values of free parameters fitted to the experimental data for the γ-stable nuclei.
Nucleus V1 V2 c α
154Sm 0.001 0.99 6.88 0.04
158Gd 0.79 8.86 5.36 0.24
160Gd 0.68 2.26 4.47 0.13
162Gd 0.50 5.88 4.07 0.08
158Dy 0.001 9.99 3.71 0.13
162Dy 0.64 3.73 3.80 0.14
164Dy 0.001 9.99 3.42 0.003
166Dy 0.70 0.40 3.75 0.17
160Er 0.001 9.99 2.41 0.05
162Er 0.01 7.14 3.71 0.08
166Er 0.001 9.99 3.44 0.004
168Er 0.70 0.35 3.44 0.18
164Yb 0.001 9.99 2.63 0.122
172Yb 0.61 2.96 6.56 0.48
174Yb 0.66 3.037 7.51 0.12
176Yb 0.67 2.60 5.31 0.29
176Hf 0.001 9.99 5.79 0.24
178Hf 0.19 6.76 4.79 0.25
180Hf 0.001 1.24 4.36 0.99
182W 0.001 9.95 4.30 0.92
184W 0.001 9.98 2.73 0.95
186W 0.001 3.72 1.90 0.99
188Os 0.001 9.99 1.49 0.32
230Th 0.001 9.99 5.22 0.33
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TABLE III: Comparison of experimental data (upper line) for energy spectra of E(5) to theoretical predictions (lower line) by
the Bohr Hamiltonian with the P.T potential, Davidson potential (D)[29] and Kratzer potential(K)[30].
Nucleus R4,2 R0,2 R2,2 σr.m.s.
98Ru Exp 2.14 2.0 2.2
D 2.14 2.4 2.1 0.27
K 2.34 2.0 2.3 0.81
PT 2.14 2.56 2.14 0.61
102Pd Exp 2.29 2.9 2.8
D 2.24 2.3 2.2 0.32
K 2.42 2.4 2.4 0.99
PT 2.20 2.32 2.20 0.90
104Pd Exp 2.38 2.4 2.4
D 2.21 2.6 2.2 0.39
K 2.35 2.4 2.3 0.32
PT 2.20 2.37 2.20 0.86
106Pd Exp 2.40 2.2 2.2
D 2.16 2.2 2.2 0.40
K 2.33 2.3 2.3 0.39
PT 2.16 2.38 2.16 0.96
108Pd Exp 2.42 2.4 2.1
D 2.26 2.3 2.3 0.31
K 2.38 2.5 2.4 0.31
PT 2.23 2.23 2.23 0.81
112Pd Exp 2.53 2.6 2.1
D 2.29 2.5 2.3 0.48
K 2.32 2.6 2.3 0.48
PT 2.35 2.74 2.35 0.96
114Pd Exp 2.56 2.6 2.1
D 2.31 2.8 2.3 0.72
K 2.40 2.6 2.4 0.77
PT 2.36 2.81 2.36 0.44
106Cd Exp 2.36 2.8 2.7
D 2.25 2.9 2.3 0.26
K 2.33 2.8 2.3 0.17
PT 2.23 2.94 2.23 0.72
108Cd Exp 2.38 2.7 2.52
D 2.14 2.2 2.1 0.5
K 2.29 1.9 2.3 0.34
PT 2.16 2.54 2.16 0.92
110Cd Exp 2.35 2.2 2.2
D 2.08 1.9 2.1 0.41
K 2.29 1.9 2.3 0.34
PT 2.08 2.06 2.08 0.98
114Cd Exp 2.30 2.0 2.2
D 2.06 1.9 2.1 0.41
K 2.25 1.7 2.2 0.24
PT 2.05 2.04 2.05 0.84
116Cd Exp 2.38 2.5 2.4
D 2.16 2.7 2.2 0.38
K 2.27 2.8 2.3 0.30
PT 2.16 2.69 2.16 0.92
120Cd Exp 2.38 2.7 2.6
D 2.20 2.9 2.2 0.41
K 2.31 2.7 2.3 0.42
PT 2.20 2.95 2.20 0.68
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TABLE III. (Continued.)
Nucleus R4,2 R0,2 R2,2 σr.m.s.
128Xe Exp 2.33 3.6 2.2
D 2.27 3.5 2.3 0.43
K 2.31 3.7 2.3 0.45
PT 2.37 3.50 2.37 0.89
130Xe Exp 2.25 3.3 2.1
D 2.21 3.1 2.2 0.34
K 2.30 3.3 2.3 0.47
PT 2.23 3.19 2.23 0.63
132Xe Exp 2.16 2.8 1.9
D 2.00 2.0 2.0 0.4
K 2.03 2.0 2.0 0.37
PT 2.18 2.81 2.18 0.75
134Xe Exp 2.04 1.9 1.9
D 2.00 2.0 2.0 0.68
K 1.87 1.6 1.9 0.21
PT 2.03 2.06 2.03 0.56
132Ba Exp 2.43 3.2 2.2
D 2.29 2.8 2.3 0.61
K 2.37 3.2 2.4 0.76
PT 2.34 3.70 2.34 0.97
134Ba Exp 2.32 2.9 1.9
D 2.16 2.7 2.2 0.33
K 2.20 2.8 2.2 0.34
PT 2.03 2.06 2.03 0.56
136Ba Exp 2.28 1.9 1.9
D 2.00 2.0 2.0 0.25
K 2.00 1.9 2.0 0.19
PT 2.03 2.05 2.03 0.58
136Ce Exp 2.38 1.9 2.0
D 2.11 2.1 2.1 0.45
K 2.28 1.9 2.3 0.54
PT 2.07 2.09 2.07 0.97
142Gd Exp 2.35 2.7 1.9
D 2.21 2.8 2.2 0.23
K 2.33 2.6 2.3 0.29
PT 2.20 2.86 2.20 0.38
144Gd Exp 2.35 2.5 2.5
D 2.33 2.5 2.3 0.12
K 2.35 2.5 2.3 0.10
PT 2.29 2.54 2.29 0.88
194Pt Exp 2.47 3.9 1.9
D 2.36 3.6 2.4 0.66
K 2.39 3.9 2.4 0.68
PT 2.39 3.32 2.39 0.82
196Pt Exp 2.47 3.2 1.9
D 2.33 2.9 2.3 0.63
K 2.38 3.1 2.4 0.67
PT 2.38 3.13 2.38 0.87
198Pt Exp 2.42 2.2 1.9
D 2.21 2.2 2.2 0.37
K 2.25 2.3 2.3 0.37
PT 2.28 2.23 2.28 0.91
12
TABLE IV: Comparison of experimental data (upper line) for energy spectra of X(5) to theoretical predictions (lower line) by
the Bohr Hamiltonian with the PT potential, Davidson potential (D)[29] and Kratzer potential(K)[30].
Nucleus R4,2 R0,2 R2,2 σr.m.s.
154Sm Exp 3.25 13.4 17.6
D 3.27 13.0 18.6 0.51
K 3.29 13.6 18.6 0.50
PT 3.27 13.71 18.51 0.70
158Gd Exp 3.29 15.0 14.9
D 3.29 14.5 15.1 0.32
K 3.30 14.8 15.2 0.14
PT 3.28 14.31 15.14 0.43
160Gd Exp 3.30 17.6 13.1
D 3.30 17.3 13.2 0.12
K 3.31 17.6 13.0 0.14
PT 3.30 17.22 13.12 0.14
162Gd Exp 3.29 19.8 12.0
D 3.30 19.8 12.1 0.07
K 3.31 19.9 11.9 0.09
PT 3.30 19.85 12.05 0.03
158Dy Exp 3.21 10.0 9.6
D 3.22 9.6 10.3 0.49
K 3.27 9.9 10.1 0.83
PT 3.21 10.34 10.07 0.57
162Dy Exp 3.29 17.3 11.0
D 3.30 15.7 11.2 0.74
K 3.30 15.5 11.0 0.83
PT 3.29 15.41 11.14 0.85
164Dy Exp 3.30 22.6 10.4
D 3.30 22.5 10.2 0.1
K 3.31 22.9 10.2 0.19
PT 3.30 22.43 10.24 0.08
166Dy Exp 3.31 15.0 11.2
D 3.31 14.9 11.2 0.07
K 3.30 15.0 11.2 0.06
PT 3.30 14.81 11.19 0.11
160Er Exp 3.10 7.1 6.8
D 3.16 8.1 6.6 0.69
K 3.24 7.2 6.9 0.87
PT 3.15 8.59 6.64 0.85
162Er Exp 3.23 10.7 8.8
D 3.23 10.7 10.1 0.77
K 3.27 10.6 9.7 0.51
PT 3.22 10.75 10.11 0.80
166Er Exp 3.39 18.1 9.8
D 3.28 16.8 9.9 0.69
K 3.29 17.6 10.0 0.34
PT 3.28 16.84 10.03 0.70
168Er Exp 3.31 15.3 10.3
D 3.31 14.4 10.2 0.40
K 3.31 14.5 10.3 0.27
PT 3.30 14.09 10.30 0.57
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TABLE IV. (Continued.)
Nucleus R4,2 R0,2 R2,2 σr.m.s.
164Yb Exp 3.13 7.9 7.0
D 3.18 8.3 7.4 0.35
K 3.24 7.9 7.2 0.77
PT 3.18 8.94 7.27 0.45
172Yb Exp 3.31 13.2 18.6
D 3.30 12.2 18.9 0.72
K 3.31 12.7 18.8 0.78
PT 3.30 14.20 18.85 0.70
174Yb Exp 3.31 19.4 21.4
D 3.31 19.3 21.5 0.10
K 3.32 19.1 21.5 0.20
PT 3.30 19.21 21.50 0.13
176Yb Exp 3.31 13.9 15.4
D 3.30 13.7 15.5 0.28
K 3.31 13.5 15.5 0.12
PT 3.29 13.74 15.21 0.39
178Hf Exp 3.29 12.9 12.6
D 3.28 12.3 13.0 0.35
K 3.29 12.9 13.0 0.14
PT 3.26 12.29 13.35 0.49
180Hf Exp 3.31 11.8 12.9
D 3.30 11.5 13.0 0.15
K 3.31 11.6 12.8 0.21
PT 3.29 11.70 12.86 0.39
182W Exp 3.29 11.3 12.2
D 3.29 11.5 12.5 0.19
K 3.31 11.5 12.4 0.18
PT 3.27 11.52 12.38 0.35
184W Exp 3.27 9.0 8.1
D 3.28 8.9 8.0 0.09
K 3.29 9.1 8.1 0.09
PT 3.24 9.55 7.96 0.53
186W Exp 3.23 7.2 6.0
D 3.25 7.2 6.3 0.13
K 3.29 7.5 6.1 0.15
PT 3.23 8.43 5.71 0.80
188Os Exp 3.08 7.0 4.1
D 3.15 7.2 4.4 0.17
K 3.21 7.3 4.3 0.21
PT 3.13 7.32 4.38 0.18
230Th Exp 3.27 11.9 14.7
D 3.27 11.6 14.7 0.24
K 3.30 11.7 14.7 0.62
PT 3.26 12.24 14.45 0.44
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TABLE V: Comparison of experimental data (upper line) for several B(E2) ratios of E(5) to predictions (lower line) by the
Bohr Hamiltonian with the PT potential, Davidson potential (D)[12] and Kratzer potential(K)[30]. We note in this case that our
model (PT) has 3 free parameters, while models (Davidson and Kratzer ) possess only 2 free parameters.
Noyaux 4g→2g2g→0g
6g→4g
2g→0g
8g→6g
2g→0g
10g→8g
2g→0g
2γ→2g
2g→0g
2γ→0g
2g→0g×103
0β→4g
2g→0g
2β→0β
0g→0g ×103 σr.m.s.
98Ru Exp 1.44(25) 1.62(61) 36.0(152)
D 1.82 2.62 3.42 4.22 1.82 0.0 1.36 3.60 0.14
K 1.77 2.81 4.63 8.42 1.77 0.0 1.27 27.84 0.11
PT 1.75 2.32 2.85 3.34 1.75 0. 1.15 2.44 0.11
102Pd Exp 1.56(19) 0.46(9) 128.8(735)
D 1.76 2.49 3.19 3.87 1.76 0.0 1.22 12.34 0.43
K 1.63 2.31 3.25 4.77 1.63 0.0 0.87 41.64 0.39
PT 1.67 2.06 2.35 2.57 1.67 0. 0.86 0.07 0.40
104Pd Exp 1.36(27) 0.61(8) 33.3(74)
D 1.74 2.45 3.15 3.85 1.74 0.0 1.11 8.13 0.39
K 1.70 2.52 3.74 5.83 1.70 0.0 0.99 24.16 0.37
PT 1.67 2.07 2.36 2.60 1.67 0. 0.86 0.19 0.36
106Pd Exp 1.63(28) 0.98(12) 26.2(31) 0.67(18)
D 1.85 2.67 3.49 4.28 1.85 0.0 1.49 5.98 0.30
K 1.74 2.66 4.13 6.83 1.74 0.0 1.12 22.91 0.22
PT 1.72 2.20 2.59 2.91 1.72 0. 1.05 0.53 0.20
108Pd Exp 1.47(20) 2.16(28) 2.99(48) 1.43(14) 16.6(18) 1.05(13) 1.09(29)
D 1.75 2.45 3.12 3.75 1.75 0.0 1.20 15.82 0.07
K 1.66 2.38 3.42 5.11 0.89 1.66 0.0 30.31 0.08
PT 1.65 1.99 2.22 2.40 1.65 0. 0.77 0.007 0.12
106Cd Exp 1.78(25) 0.43(12) 93.0(127)
D 1.68 2.32 2.95 3.58 1.68 0.0 0.92 10.44 0.41
K 1.66 2.37 3.34 4.76 1.66 0.0 0.83 16.97 0.41
PT 1.65 2.08 2.44 2.77 1.65 0. 0.78 3.80 0.41
108Cd Exp 1.54(24) 0.64(20) 67.7(120)
D 1.85 2.69 3.52 4.35 1.85 0.0 1.49 4.06 0.41
K 1.67 2.40 3.43 5.01 1.67 0.0 0.87 19.88 0.3460
PT 1.73 2.25 2.71 3.12 1.73 0. 1.07 1.84 0.36
110Cd Exp 1.68(24) 1.09(19) 48.9(78) 9.85(595)
D 1.99 2.97 3.93 4.87 1.99 0.0 1.98 1.61 0.23
K 1.85 3.14 5.63 11.54 1.85 0.0 1.52 20.99 0.19
PT 1.84 2.43 2.91 3.31 1.84 0. 1.47 0.01 0.19
114Cd Exp 1.99(25) 3.83(72) 2.73(97) 0.71(24) 15.4(29) 0.88(11) 10.61(193)
D 2.00 2.99 3.97 4.94 2.00 0.0 1.99 0.74 0.32
K 1.93 3.46 6.72 15.44 1.93 0.0 1.77 15.44 0.61
PT 1.90 2.56 3.14 3.65 1.90 0. 1.65 0.004 0.27
116Cd Exp 1.70(52) 0.63(46) 32.8(86) 0.02
D 1.74 2.46 3.17 3.90 1.74 0.0 1.11 4.42 0.38
K 1.69 2.47 3.52 5.05 1.69 0.0 0.90 10.02 0.34
PT 1.74 2.32 2.86 3.40 1.74 0. 1.12 3.87 0.39
128Xe Exp 1.47(20) 1.94(26) 2.39(40) 2.74(114) 1.19(19) 15.9(23)
D 1.63 2.20 2.75 3.31 1.63 0.0 0.73 9.64 0.14
K 7.64 1.83 0.0 0.75 1.83 2.95 4.73 12.57 0.92
PT 1.52 1.77 1.95 2.09 1.52 0. 0.32 2.79 0.14
132Xe Exp 1.24(18) 1.77(29) 3.4(7)
D 2.00 3.00 4.00 5.00 2.00 0.0 2.00 0.00 0.26
K 2.78 7.13 17.89 43.35 2.78 0.0 2.49 0.07 0.61
PT 1.71 2.23 2.72 3.19 1.71 0. 0.99 4.42 0.15
15
TABLE V. (Continued.)
Noyaux 4g→2g2g→0g
6g→4g
2g→0g
8g→6g
2g→0g
10g→8g
2g→0g
2γ→2g
2g→0g
2γ→0g
2g→0g×103
0β→4g
2g→0g
2β→0β
0g→0g ×103 σr.m.s.
132Ba Exp 3.35(64) 90.7(177)
D 1.68 2.30 2.90 3.50 1.68 0.0 0.92 15.21 0.83
K 1.61 2.20 2.94 3.95 1.61 0.0 0.66 20.59 0.87
PT 1.54 1.85 2.08 2.28 1.54 0. 0.42 5.41 0.90
134Ba Exp 1.55(21) 2.17(69) 12.5(41)
D 1.75 2.48 3.21 3.94 1.75 0.0 1.14 4.08 0.15
K 2.13 4.10 7.88 15.19 2.13 0.0 1.26 6.22 0.19
PT 1.93 2.65 3.31 3.93 1.93 0. 1.75 0.01 0.14
194Pt Exp 1.73(13) 1.36(45) 1.02(30) 0.69(19) 1.81(25) 5.9(9) 0.01
D 1.59 2.09 2.57 3.04 1.59 0.0 0.63 19.78 0.40
K 1.56 2.07 2.63 3.34 1.56 0.0 0.52 19.45 0.45
PT 1.50 1.72 1.87 1.97 1.50 0. 0.25 1.44 0.23
196Pt Exp 1.48(3) 1.80(23) 1.92(23) 0.4 0.07(4) 0.06(6)
D 1.64 2.21 2.75 3.28 1.64 0.0 0.82 20.83 0.19
K 1.61 2.21 2.97 4.04 1.61 0.0 0.69 23.11 0.21
PT 1.50 1.73 1.87 1.98 1.50 0. 0.27 1.02 0.03
198Pt Exp 1.19(13) >1.78 1.16(23) 1.2(4) 0.81(22) 1.56(126)
D 1.82 2.60 3.36 4.08 1.82 0.0 1.41 10.09 0.22
K 1.76 2.73 4.24 6.76 1.76 0.0 1.16 11.09 0.21
PT 1.59 1.87 2.05 2.17 1.59 0. 0.58 0.05 0.10
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TABLE VI: Comparison of experimental data (upper line) for several B(E2) ratios of X(5) to predictions (lower line) by the
Bohr Hamiltonian with the PT potential, Davidson potential (D)[12] and Kratzer potential(K)[30]. We note in this case that our
model (PT) has 4 free parameters, while models (Davidson and Kratzer ) possess only 3 free parameters.
Noyaux 4g→2g2g→0g
6g→4g
2g→0g
8g→6g
2g→0g
10g→8g
2g→0g
2β→0g
2g→0g
2β→2g
2g→0g
2β→4g
2g→0g
2γ→0g
0g→0g
2γ→2g
0g→0g
2γ→4g
0g→0g σr.m.s.
×103 ×103 ×103 ×103 ×103 ×103
154Sm Exp 1.40(5) 1.67(7) 1.83(11) 1.81(11) 5.4(13) 25(6) 18.4(34) 3.9(7)
D 1.47 1.69 1.87 2.06 26.7 50.0 150 47.5 69.6 3.7 0.03
K 1.46 1.67 1.86 2.05 24.7 45.7 136 47.8 69.9 3.7 0.03
PT 1.45 1.66 1.82 1.96 0.57 1.14 3.72 46.56 68.13 3.57 0.02
158Gd Exp 1.46(5) 1.67(16) 1.72(16) 1.6(2) 0.4(1) 7.0(8) 17.2(20) 30.3(45) 1.4(2)
D 1.46 1.66 1.82 1.98 25.7 45.9 127 64.0 93.0 4.8 0.03
K 1.47 1.69 1.90 2.13 30.8 56.5 166 70.7 103.3 5.4 0.05
PT 1.45 1.64 1.78 1.90 0.66 1.30 4.17 61.64 89.49 4.62 0.02
158Dy Exp 1.45(10) 1.86(12) 1.86(38) 1.75(28) 12(3) 19(4) 66(16) 32.2(78) 103.8(258) 11.5(48)
D 1.50 1.78 2.04 2.31 30.5 65.4 232 88.5 131.7 7.1 0.06
K 1.48 1.73 1.98 2.28 32.5 63.0 202 97.9 143.6 7.6 0.05
PT 1.48 1.73 1.94 2.16 0.67 1.51 5.71 89.35 132.28 7.06 0.04
162Dy Exp 1.45(7) 1.51(10) 1.74(10) 1.76(13) 0.12(1) 0.20 0.02
D 1.45 1.65 1.80 1.95 23.9 42.4 116 89.8 129.8 6.7 0.04
K 1.45 1.65 1.80 1.95 23.7 41.4 112 92.3 133.2 6.8 0.04
PT 1.44 1.63 1.76 1.88 0.58 1.13 3.49 88.34 127.65 6.52 0.03
164Dy Exp 1.30(7) 1.56(7) 1.48(9) 1.69(9) 19.1(22) 38.3(39) 4.6(5)
D 1.44 1.62 1.75 1.86 16.9 29.1 77 99.7 143.4 7.3 0.05
K 1.45 1.64 1.79 1.93 23.6 40.6 107 100.4 144.7 7.4 0.06
PT 1.44 1.62 1.74 1.85 0.01 0.08 0.07 98.81 142.12 7.20 0.05
162Er Exp 8(7) 170(90) 32.5(28) 77.0(56) 9.4(69)
D 1.49 1.75 1.99 2.24 27.8 58.3 202 91.1 134.8 7.2 0.01
K 1.48 1.73 1.97 2.25 28.9 57.1 189 100.4 147.1 7.8 0.02
PT 1.48 1.72 1.94 2.15 0.54 1.20 4.43 89.70 132.57 7.06 0.03
166Er Exp 1.45(12) 1.62(22) 1.71(25) 1.73(23) 25.7(31) 45.3(54) 3.1(4)
D 1.46 1.66 1.81 1.96 20.7 38.2 111 100.0 144.8 7.4 0.04
K 1.48 1.74 2.00 2.31 21.2 39.2 117
PT 1.45 1.65 1.81 1.96 0.02 0.05 0.15 98.64 142.80 7.33 0.04
168Er Exp 1.54(7) 2.13(16) 1.69(11) 1.46(11) 23.2(15) 41.1(31) 3.0(3)
D 1.45 1.65 1.79 1.93 27.7 47.2 120 100.6 145.1 7.4 0.09
K 1.45 1.64 1.78 1.92 27.6 46.2 116 100.6 144.9 7.4 0.09
PT 1.44 1.61 1.72 1.81 0.67 1.35 4.38 97.25 140.05 7.11 0.09
172Yb Exp 1.42(10) 1.51(14) 1.89(19) 1.77(11) 1.1(1) 3.7(6) 12(1) 6.3(6) 0.6(1)
D 1.46 1.67 1.83 1.99 32.2 55.9 147 51.6 75.0 3.9 0.03
K 1.46 1.66 1.83 2.01 29.6 51.6 139 51.0 74.2 3.8 0.03
PT 1.44 1.61 1.72 1.81 0.68 1.35 4.37 49.93 72.14 3.69 0.02
174Yb Exp 1.39(7) 1.84(26) 1.93(12) 1.67(12) 12.4(29)
D 1.45 1.63 1.75 1.86 20.9 35.1 88 45.0 64.9 3.3 0.06
K 1.44 1.62 1.74 1.86 20.6 34.3 85 45.7 65.8 3.4 0.07
PT 1.44 1.61 1.72 1.81 0.43 0.77 2.18 44.01 63.44 3.23 0.06
176Yb Exp 1.49(15) 1.63(14) 1.65(28) 1.76(18) 9.8
D 1.46 1.66 1.82 1.97 27.9 49.0 132 63.1 91.6 4.7 0.05
K 1.45 1.65 1.81 1.97 28.6 49.0 128 64.5 93.4 4.8 0.05
PT 1.44 1.63 1.75 1.85 0.75 1.51 4.95 62.25 90.15 4.63 0.03
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TABLE VI. (Continued.)
Noyaux 4g→2g2g→0g
6g→4g
2g→0g
8g→6g
2g→0g
10g→8g
2g→0g
2β→0g
2g→0g
2β→2g
2g→0g
2β→4g
2g→0g
2γ→0g
0g→0g
2γ→2g
0g→0g
2γ→4g
0g→0g σr.m.s.
×103 ×103 ×103 ×103 ×103 ×103
176Hf Exp 5.4(11) 31(6) 21.3(26)
D 1.47 1.70 1.89 2.09 30.8 57.3 169 57.9 84.9 4.5 0.04
K 1.46 1.68 1.86 2.06 29.1 52.2 148 60.3 87.8 4.6 0.04
PT 1.45 1.66 1.82 1.96 0.74 1.53 5.20 56.11 82.06 4.29 0.01
178Hf Exp 1.38(9) 1.49(6) 1.62(7) 0.4(2) 2.4(9) 24.5(39) 27.7(28) 1.6(2)
D 1.47 1.69 1.88 2.07 28.4 53.1 158 73.8 107.8 5.6 0.08
K 1.46 1.68 1.86 2.06 27.1 49.2 142 75.7 110.0 5.7 0.08
PT 1.45 1.66 1.82 1.96 0.82 1.72 5.94 68.804 100.45 5.24 0.06
180Hf Exp 1.48(20) 1.41(15) 1.61(26) 1.55(10) 24.5(47) 32.9(56)
D 1.46 1.66 1.82 1.98 34.9 59.5 151 78.4 113.4 5.8 0.09
K 1.46 1.66 1.83 2.00 34.6 58.6 150 80.3 116.0 6.0 0.09
PT 1.44 1.61 1.72 1.80 0.74 1.62 5.75 75.99 109.68 5.59 0.05
182W Exp 1.43(8) 1.46(16) 1.53(14) 1.48(14) 6.6(6) 4.6(6) 13(1) 24.8(12) 49.2(24) 0.2
D 1.47 1.69 1.87 2.04 32.5 58.3 162 79.9 116.2 6.0 0.07
K 1.46 1.67 1.85 2.05 33.0 57.5 155 82.0 118.9 6.1 0.07
PT 1.45 1.64 1.77 1.88 0.95 2.074 7.42 76.82 111.59 5.75 0.05
184W Exp 1.35(12) 1.54(9) 2.00(18) 2.45(51) 1.8(3) 24(3) 37.1(28) 70.6(51) 4.0(4)
D 1.48 1.73 1.95 2.16 40.7 75.2 216 128.3 187.3 9.8 0.04
K 1.48 1.73 1.97 2.27 38.9 71.8 214 128.4 187.1 9.8 0.04
PT 1.46 1.67 1.82 1.96 1.22 2.95 11.71 122.19 178.52 9.27 0.06
186W Exp 1.30(9) 1.69(12) 1.60(12) 1.36(36) 41.7(92) 91.0(201)
D 1.51 1.80 2.07 2.34 46.2 91.9 289 165.7 244.5 12.9 0.18
K 1.49 1.77 2.08 2.48 47.3 89.1 275 174.0 254.4 13.3 0.20
PT 1.46 1.68 1.83 1.95 1.35 3.60 15.32 176.14 257.35 13.32 0.11
188Os Exp 1.68(11) 1.75(11) 2.04(15) 2.38(32) 63.3(92) 202.5(304) 43.0(74)
D 1.54 1.89 2.25 2.63 33.9 83.9 344 229.8 345.2 18.7 0.06
K 1.52 1.87 2.29 2.87 33.6 78.5 330 246.6 366.2 19.7 0.09
PT 1.51 1.81 2.08 2.33 1.26 3.64 16.87 227.37 340.13 18.21 0.04
230Th Exp 1.36(8) 5.7(26) 20(11) 15.6(59) 28.1(100) 1.8(11)
D 1.47 1.70 1.90 2.09 30.0 56.4 168 63.6 93.2 4.9 0.03
K 1.46 1.68 1.86 2.07 31.4 55.6 155 66.9 97.3 5.1 0.03
PT 1.45 1.66 1.81 1.95 0.84 1.77 6.13 62.69 91.58 4.78 0.02
